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epraqnoHeH Tpya sa npn4o6lraaHe ua o6pasonare.nua u Hayqsa cre[eu ,,goxrop"
Arrop ua gr-rcepmqnouHru rpyA: E,rena B, AnroRoaa
Tena ua ar.rceprarllroxHrur rpya: ,rMore,rnpaue Ha cucreMa 3a aaarlTtrBHo o6yvenue,
ugno.lggafixu cpeAcrBa 3a tl3KycrBeH tlute.nerr"
PeqeHseHr: AorI. rn Hnrolafi XI,IHOB

Peqessugra e fipeacraBerra c6rnacuo 3anoBeA ua Pexropa ua TexHLIqecKH yxuBepcmer -
Co$ur Nr 0)(-5.3-68 or 15.12.2025 r. u rpororoJr 3a ) {acrr.re B 3aceAaurre Ha Ha}4rnoro xypu
no [porleaypara sa npugo6uaaue ua o6paroBareJrHara I.r HafIHa creneu ,.4oxrop" no
npo@ecuoxalno Ha[paBJrerrie 5.3. Korr.rlT ruraq].IoHHa L KoMnlortpna rexHHKa, HafIHa
cnequaauocr CHcreMH c H3KyfiBeH r.rHTeneKT.

1. Arrya"rnocr xa parpa6ornanuc B anceprau[oxnrrfl TpyA npo6,reu B HaJ IHo rr
HayqHolIpl'norNcHo oTHoIIreHue

.[lrcepraquouunxr rpyA e nocBereH ua pa:pa6omauero Ha aAa[TItBua o6yrurelua
cucTeMa, I,rHTerp[paqa ulacnrlecKH IleaarorFlecKll MoaeJrra, craTr4aTl{qecxl4 MeToaLI u
crBpeMeHHrr reHeparuBuu e3rrKoBu uo4eau (lEM). Teuara e IBKJIIoqI,ITeJTHo axTyaJllra KaICo B
MexA),HapoaeH, TaKa u B HalllroHarneH KoHTercr. B togu xogrexcr pa6orara nonaaa B

crpareruqecI<ure Ha[paBJreHr{, Ea EC sa ,4nrmanua rpauct|opnauu.e u HHoBaIrI,rH r o6yreuuoro,
BK;rroqrrrenso ctorBercrBl.Ie c Digital Education Action Plan202l-2027 .

Axrleglrr B u3cneABaHero e nocraBeH ar,pxy no4o6pxBaHe Ha ycfleBaeMocrra no

Ar.rcq nnuuara ocHoBH Ha nporpaMr.rpaHero - o6rqoo6pasosareneH npeaMer or yre6uure
nJraHoBe Ha pa3rHrrHr.r cfleq]rirnHocru OKC ,,6axaragtp" a TV-Corpua. flparnrvecrara
Hacoqelrocr K6M e3llKa C rapaurupa Bucorcara nplrnoxnMocr u go6areua crofiuocT ua

Ir3cJleaBaHero. B togu acnexr aroyanHoc'rra Ha arrceprall?Irra e 6escnopua Ir orJruqHo
apr-yNrer{TrrpaHa oT aBTopa.

2, Crenes Ea rro3naBaxe cBcrocxuero na npo6.neua ll TBopqecKa nxTepnperaqtrc Ha

fl rrTepaTypHIlf MaTep[aJr

,{or,opaurxara AeMoHcrpnpa :agrn6oveno H clrcreMarr.r3npaHo no3HaBaHe Ha

r.r3cneaBaHara npo6.rer,{arlrxa s o6Jlacrra Ha aAanrlrouu're o6y:ureaHH cHcreMH r.r flpr.rJroxeH]lero
Ha u3rycrBeulr, unTeJrercr B o6pasonaauero. B firasa nrpea e paspa6oreH no.qpo6en lr al(TynneH

nrrrepar)?eH nperneA, o6xsaqaq Kalcro ocHoBHllre KoHueltqull ]I (oMlorreETu Ira aaanrr.IBHlrre

cl,tcreMu (uoAer na o6yraelrnr, MoAen Ha o6racrra, o6ymreaen u KoMyHxKaII]Ioxen uo4el),
TaKa t,t cr,BpeMeHHHTe TexHHI(Ir, 6a:XpaHr.r Ha [3KycrBeH HrrrereKT - oT rIoAxoaI,I, ocHoBaHH Ha

lpaBlrna H MarrrHHHo o6yrenue, Ao Meroar4 :a o6pa6orxa Ha ecrecrBeH e3lrx ,r roJIeMr e3LIKoBH

Moaenfi, r,Bnon3BaHr.r 3a reuepr]paHe Ha recroBo cb.qtpxaHlle. I{urupanure I l0 rnreparypua
u3ToqHr.rKa cBlrAereJrcrBar 3a MHoro ao6pa ocne.qoueHocr orHocHo caBpeMeuuoro cacrorHue,
TeH.{eHrlnrrre H npeau3BxKarencrBara rrpeA flepcoHirJrlr3upaHoro o6yrenne.

Ha ocEogara Ha ro3r.r aHaJrrr3 ca KopeKTHo rlopr*ly:rupanu qeJrra, 3aaarrure x
r.r3cJreAoBareJrcKara xufiore3a Ha rpyaa - paspa6orsaHe H eKcnepr{MeHTi}nHa Ban}rAaII f, Ha MoaeJI

3a a.qaflTr,rBHo o6yrenue, roiro nepcoHalnsupa yre6uoro cratpxaHr.re B!3 ocHoBa Ha

rz,aeHru{lr4upaHr.rre rlrnoBe rpeuI<lr H rrHAr.rBu,qyaJrHrire pe3yrraru Ha 06) {aeMr.rre [p]t
r.i3)^raBaHe Ha BbBex.qarqo nporpaMr.rpaHe Ha e3r.rKa C. Jlxreparypulurr MarepI{aJI e

r.rHreprrperupaH TBoprrecxfi qpe3 ]rHrerp[pane ua nporfula Ha rpeIUKfiTe Karo aAanrI{BeH
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napaMerrp n KoM6r4Hupaue Ha rreaaromqecKfi npuHurnpr c xnxeuepur{ peueHrrJr 3a

aBTOMaTU3rrpaHO, HO KOHTpOnHpyeMO U3rrOJBBaHe Ha reHepaTr{BHr.r MOAeJrr.

3. Crornerctaue Ha Ir36parara MeroAuKa Ha u3cJreABane c rrocraBenara ueJr u 3aaaqrr Ha

alcepTauHoHH[q Tpya

l1:6pauara rueroAxra Ha lr3cneaBaHe e aaeKBarHa Ir HanbJIHo c6orBercrBa Ha nocraBeHara

uen I.r Kour(perH Te 3a\aqr4 Ha auceprarluoHHr.r, Tpya. I{:creaaaHero e peanr3upaHo Karo
nocneAoBarerleH Ha)AHo-t HxerepeH quxrJr: cHcreMaruqeH Jrrrreparypen o6:op u KoHuenryiurHo

MoaenupaHe; tfopuana:upane Ha opunrHaneH aaanrllBeH ltoael (gxr. MoaelIH Ha o6ytaeuur,
o6lacrra, aaanrarllrrra H reHepr{paHero); npoerrupane }r rMnreMeHTaqnr Ha uo4yaHa ye6-
6asupana crrcreMa; nuTerpaqn, Ha reHeparuBHu e3uKoBE MoAeJrs 3a c63aaBaHe Ha recroBo
ctarpxaHre; geQr.rHrpaHe Ha anropr{TMn sa npotfurupaue ua o6yraeuure r.r aAanrarl}rf,,

6aupana Ha rrlrroBe rpern(lt; r eMflr.ipuqua fipoBepr(a qpe3 r(oH'rponupaur.r excrreprrMeuTu c
peaauu o6yraeuu.

3a aa.nuglrpaHe Ha xurlore3ara ca u3[olr3Balru floaxoAruru KoJlr{qecrBelru L KaqecrBeulr
MeroAIl: oflucareJllla crarucrltKa, [cru(oMsrprrqeu aualrx3 r{a recroB 're 3aaaq , uuQepeuqua-nnlr

crarrrcruqecKfi recroue (rxl. aucnepcuouen ataJfii3 u xx-KBaApar anaaus), KaKTo u aH(erHr,I

HHcrpyneHru 3a orreH(a Ha Br3nprrrfif,Ta H yAoBnerBopeHocrra Ha cryAeHTure. Kor'l6uuaqu.rra
or rfopnanuo Moaennpaae, pea;rua co$ryepHa peanr{3arlu, r.r crar}rcr}rqecxH o6ouroeaHa
eMluprrrrHa aepuQuxa4rr ocnryprBa seo6xoAlllrara HaAexauocr Ha pe3yJrrarr{Te H rrpaBa

3aKJIIOqeHIUITa JrOtUqeCKrr u eKcnepr{MeHTarHO noAkpeneHu.

4. Kparxa aHaJrlrrrqHa xapaKTep[crnxa Ha ecrecrBoro u oueuKa Ha aocroBepHocrra Ha

Marep[aJra, mpxy rcofiro ce rpaaflT nprrnoc[Te Ha Ar{ceprauuouHrrr rpya

.{lrcep, aqroHnnrr rpya e s o6elu or 167 crpanuun, Karo BKJrIoqBa yBoA, qerupH rnaBlr 3a

peruasaue na tfopMynuparrrre ocroBur.r 3aaaqrr, crtrrctK Ha npHHocure, cnucrr Ha ny6nr.rxaqnnre
rro Ancepraururra H cnucbK Ha lorrorr3BaHara ,xreparlpa. I{nrupann ca o6rqo I l0 rrreparypHlt
r.r3Torrgnrlu, or (ouro 107 ca na Jlarr,rrrrrqa. Psxooltctr e 4o6pe crpyKTyplrpan r o6xraqa
ocHoBHure eJIeMeHTfi Ha ctBpeMeI{HI-ITe aAa[THB]rr.r cucreruu :a o6yreuue - Teopgr]IqHLI MoaeJIu,

TexHoJrorHqHa pe,urlrsarlu, E eMrrupxqsa aepr$axaqur, flo-Aoly e [pe,qcraBeuo KparKo
o[ucarlHe Ha oTAeJrHuTe rnaBu,

Jllrreparyprr rr o6aop (frara l) e urupox, cucreMaruqeH u 4o6pe no.q6paH. Arropxara
.qeMoncrpupa orrurrHa opuerrrarlu B cneAHrrre o6lacrn: [HTeJlurernHrr crrcreMu :a o6yreuue;
Eafiecoglr u perpecnoqHu Moaeng; [pocneArBaHe rra 3garrus (BKT, PFA); I-EM u OEE;
fleaarornrrecKx, ncrxoJlorrqecr]t I,I erl,tqHa acnexTr.r. Oco6ego cfinHo e flpeacraBeH pa3aen6T 3a

THnoBe aAanrr.rBHocr, MoAenu na o6yraeuua, MoAeJrs Ha o6lacrra u o6yreuue, 6a:npauo na
rperxKu. B rosu acneKr npe[optqBaM npn o{opu.neunero aa xpafixua BaprraHT u3BecrHo
peAyunpaue Ha HrKor{ onucareJrHu Qparueu'ru, 3a Aa ce noAcruH orqe no-lcHo HafrHr.rrr npr{Hoc
Ha aBTOpa.

Faar,a 2 npeAcraB, Teoperr.rqHara ocHoBa Ha araceprarluorHlu rpya r.r cratpxa ,cHo
rfopr"rylupan opurrrHareH aBTopcKH npruoc. B uer e paspa6oren rfoprrraneH voger, 6a:upaH na
qerrrplr ocHoBHr.r crplro)?rr: L (Learner), D (Domain), A (Adaptation) u G (Generation). Onrlcanlr
ca anropuTMu 3a lpocnepBaHe r{ aroyanx3HpaHe Ha 3HaHr.rrrra na o6yraeuru, Karo xrrcqoB
eJIeMeHT e BrBex,qaucro ua upo$rul Ha rpeuknre Karo caMocrorreJlen aAanrr.rBer napaMerbp.

.(ormluureluo ca [peAnoxgur,r 3aBrrcr,rMocru Mex,qy H3yr{aBaHara reMa, nr.rBoro Ha rpyAHocr,
qegrorara r{ TH[a Ha rperrrrrrre u MexaHr.r3Ma sa ns6op Ha cJreABarrIH :a4a.ru. I,I:rpa4eu no



KOHCTpyKnIBeH I,I [OCJIeAOBaTeJIeII Haqr.rH, MOAeJTST IIpeACTaBJIgBa OpUrIlHnneH npHHOC I.I nOCTaB'
ocHoBuTe 3a peanll3HpaHe Ha aaanTlrBHLI cHcTeMI.I 3a 06) IeHI.re c Bl{coka aHaJrr.tTr-rrrHa crofiHocr.

fraga 3 npeAcraB, peaJrr.r3arln rra rra KoHrlelurxrra Ha ArrcepraqnoHur.t, TpyA r,r

AeMoHcrplrpa flGmtorlenHa paspa6orxa Ha cucreMara. CrsAaAeHa e MoAynHa ye6 apxurerrypa,
noarpeneHa oucHa cxeMa Ha 6asa AaHHn r.r HHrefpauu, c API na fEM. Pa:pa6oreur ca
aBToMarfi3r.rpaHn cxpunroBe 3a reHepnpaHe Ha recroBe, rarro u ra6:ra ga auutu3 Ha Ha[peA6Ka,
rro3BorrBar[], ua6;rro4enne r oqenxa na o6yraeuure. florpe6urencxurr mrrcp$efic npe4ocrarr
nuua QynxquoHilJrHocr (aKTo 3a cryaeHTu, TaKa r,r 3a [penoaaBarenr]. flo rosn Haq[H
npeAcTaBeHaTa cucTeMa He e rrpocTo cr4MyJrauur, a peaJrHo peaJrr,r3rrpaHo npr.rJroxeHfie, KoeTo

3Haqlrrerno noBlrtttaBa Ha)qHara r{ npr,rJroxHara crofinocr ua Aucepraqlrrra.
faasa 4 [peAcraBJUrBa eAHa or saft-curuure qacrr,r Ha AucepraqxouHrrJr rpya, Karo

aeMoucrpr{pa peaJrHara e$exraruocr sa [pea,loxeHaTe MoaeJrr{ !r aJrropr.rrMrr. flpoaegenu ca
eKclepIrMeHTI4 ctc cTyaeHTLI oT HTKoJIKO CneIII4IIJIHOCTI,I, OpraHU3I4paH[ B TpU OTAenHrr Cepun,
BK;rroqBarqlr prvnu, nepuQpasnpauv I,Ill-reuepupauu recroBe. ,fiaunure ca aHaJrH3 pasu qpe3

ANOVA, xu-xaa.qpar recroBe, Kaxro u rro(a3areru 3a rpyAHocr ,i AxcxpuMuHauufi Ha Bc[pocLITe.
flpegcrareuure pe3yJrrarn nor(a3Bar y6ear.rreJrHa erlerrruuocr Ha npeaJroxenr.rr noaxoa rr,fi
Karo: B6[pocure, reuepupaurr or HLI, Aeuoucrpr]par rpyAnocr u HaAexA]rocr, cpaBnrrMa c

p'r,rrHure, a Brre/IpeHara aaarrruBna Jrorrrxa Ha rperuru BoAlr ao 3uaqlrMrr no4o6penux r
ycneBaeMocTra Ha cTyaeHTHTe.

firaua 5 ce Qorycupa B6pxy orleH(ara rr ycbBbprueHcrBaHero Ha flpeAnoxeur{fl aAaIITHBeH

rvro4en. Asropxa, a ge$rulrpa MeTpHr(r{ 3a [po[3BoAHTeJrHocT, r{3B6prrrBa aHarrE3 Ha

ycrofiuarocrra ua cltcreMara u octrqecrBf,Ba cpaBHeHr{e c ap},r}r clrqecrBy,naulu n:rarrfoprr,tr. B
AontnHeHr.re e npeAnoxeHa crparerlt, 3a onrlrMu3al1l,tr, HacoqeHa xtu no.{o6praaue ua
e$errauuocrra x HaaexaHocrra Ha Moaera. Pasaeatr e u3xlrroqr.rreJrno cEJreH u aeMoucrpupa
3pf,nocr Ha Ha) rHoro Mr.rcJreHe, no,{veprarafixu aHaJrHTHqHr,t, noAxoA I,r c}rcreMHoro
ycrBaprueHcrBaHe ua paapa6oreuara cr{creMa.

5, Hayvuu u/n.nu Rayvuonprlnoxull rrpllEocu Ha aucepraurroxrrrrr rpya

,{acepraquouuxrr rpya ctqeraBa reopfiHrrHo MoAenr{paHe, anropurMrrqHr.r perxeHr{.{ E

npaKruqecxa peilJrx3arrx, Ha aaanrfiBHa cr{creMa sa o6yreune, Koero no3BoJUrBa Aa 6tAar
oTKpoeHr{ cneAHHTe np}rHocn :

I. Hayrmr trpr,ruocu
l. Pa:pa6oren e opnruHaneH Qopr',ranen uoaen na a4anrusHo o6yrenue, npr roftTo rr.rn6T

Ha aonycHar re rperuKr{ e BtBeaeH Karo K:rrcqoB aaanrr{Beu napaMertp; lpopllaau:upau e

uuKr,JrtT Ha aaafiTarl[, (npo$unnpaue, no46op ua cbAtpxaHue, o6paraa rpr,sxa n auaru:) u ca
npeAJloxeHI.I MexaHLI3Mu 3a AItHaMHqHa aKTyanrr3arrlu I{a 3Han[rra Ir tpeIIIKoB]L npoQun na
o6yraeuur.

2. flpeAroxena e rlopuaana rr.rflofloru, r onepaqrroHaJru3aun Ha rpeuKfire flpx
o6yrenuero no nporpaMnpaHe (reoperNunu, cHmaKrl.rrrHx u ronrqecrr/lrxoqun rpeurru), raro
e floKa3aEo eKcnepuMeHTiulHo, q0 pa3nI,IqHr,ITe TrrrroBe rpelnxE HMar piBnHqHa AHHaMrrr(a u
o6pa:onarelno nu4eicrnne, xogro o6ocnoeaBa lr3noJl3Balrero llM Karo ocuoBa 3a

nepcoHirJrH3rrpaHa aaa[Tarlr4.[.
II. Hayruo-npu-noxuu upr.rHocr.r

3. Paspa6oreua e MeroAoJrornf, u anroplrMlrtrHa peaIJII,r3aIIru 3a aBroMaru3l{paHo
reHepupaHe r,r aAa[THBeH noA6op ua recroBu 3a.uaqr.r, B(nroqr.rreJrEo c u3noJr3BaHe Ha

reHeparlrBHlr e3uKoBIl MoaeJIu, KaTo ca BbBeAeHx Kpr4Tepriu 3a KaqecTBo, MexaHH3MH 3a
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ceMaHT rlHo $lrmpupaue H crarrrcrltqecxa oueHKa Ha HaAexAHocrra u e$exruauoctra ua
reHepr.rpaHoTo cbAbpxaHr.re qpe3 KoHrponEpaHu eKcnepIiMeHTI,r cGc cTyaeHru.

III. Ilpuoxnu nplruocx
4. Pealr.r:rpana e SynxqNonr.rparqa ye6-6a3npaHa aAaflTrrBna cucreMa c MoAynHa

apxr4TeKT)?a, 6a:a 4annrl, nrnepQeficu sa o6ytaeuu lI [peloAaBareJru u HHcrpyr{eHrl{ 3a

BI",3ya]JHA agaJIIrTIrI(a U MOHrrrOpr.rHf Ha Hanpe[EKa, aeMoHcTplrpaqa npaKTl.Iqec(aTa

flpfinoxlrMocr Ha flpeAnoxeul4, Moaen B peiulHa yqe6ua cpega.
5. @opr'ryrrpaull ca [paKruqecKr4 HacoKn H npr{noxuMu uucrp},NleHTn 3a ycKopeHo

c!3AaBaHe, BiIJIHALTpaHe V alluttl3 Ha TeCTOBH MarepIanr,r, KaKTo I-l 3a paHHa Al,IarHocrnxa Ha

THloBe rpe[IKI,I u o6yrureruu aa, pyAHeHr.rr, uoAnoMaraulu onrliMl{3aunrra Ha rrpenoAaBaHero I'I

orroBopHara rHTerpaqlu Ha H3KycrBeH HHTeJTeKT B o6paaoraremlu npoqec.
O6o6qeso, flprrHocr{Te Ha arrceprar[toHHr.r, TpyA ca 3lraqr,rMr.r KaKTo 3a pa3Bxrl]ero Ha

aaa[TI,tBHLITe o6yrureruN cr]creMl Lt ITHTeJIITeHTHLITe rexuoJlofuu u o6pasorauue'ro, TaKa r.r 3a

rrpaxTurara - qpe3 peanu3r.rpaH npororrrn u MeroAEqecKI{ peuenur, I(oHTo Morar Aa 6tAar
BHeaprBaHr.r r.r HaarpaxaaHr.r n pea;rua yre6na cpeaa.

6. Ouenxa 3a crenexTa Ha nrlqHoro yqacrue Ha rucepraHTa B ttplrHoc[Te

Or cTgrpxauuero Ha AnceprauHouHr.r, Tpya n npeacraBeHnre pe3yJrrarr.r ce Bux,qa, qe

rr,rrrHoro yracrrre Ha a[cepraHTKara B rr3cJleABaHero e onpe,4en ulo. T.r e arrop ua
Korr{enryirnHu, n Qopua.muu MoAen, Ha anropurM[Te 3a aaanral[r, u npoSraupane ua
rpeuKltTe, KaKTo u na cotfryepnara peaurfi3aqr{, Ha [pororr.rfla (apxurer,ypa, 6asa gaunu,
anrerpaqur na IEM u norpe6Nre:rcrn r.*rrepQeficx). ,{r.rcepraHrxara e opraur,r3t{parra fi npoBena
eMnupr.rrrHxTe I,r3cJIeABaHut cLc cTyAeHTn, o6pa6oru:ra e AaHHlrre H e r{3Be.[a crarr.rcruqecxrr
o6ocuoeaHu sarurnqeHrrr.

fly6raxa4rure rro reMara, Blt;IroqnreJlHo ctBMecrHlrre, norBGpx.qaBar arr]rsHara ir
HafrHou3cne.qoBareJrc(a AefiHocr r{ rroKa3Bar yueuur ea pa6ora B HafreH eKr.r[, Karo npr,rHocr,T

r)r ocrasa crulecrBeH r-r nprro cBBp3aH c reMarr,rKara Ha AncepraquoHxgs rpya.

7. Ilpeqexxa Ha rry6nfiKarlntrTe rro Alrceprarlnornufl Tpya

,flnceprantrara e npeacraBr.rna rpa ny6nuxaquu (20221O24 r.), nprxo cBap3aHr c
reMarrrKara Ha ar.rceprarrlioHHr.r, Tpya u npeacraBJrrBarlu JrorIlqna anpo6aqur Ha orAenHH
ACNEKTII OT I43CJIEABAHETO.

B nrpaara ny6nnxauur (Antonova, 2022, First ELARA Conference) e pa3rneAara ponrra
Ha H3KycrBeHr,If, I,IHTeJIeKT B crBpeMeHuoro o6pasonauue, c aKrreHT B6pxy [pnnox]rMocrra r.r

lruury3uBnure acne(Tu sa I{I{-noanouoruaroro o6yrerue. To3}r rpya aprylreHTrrpa KoHrercra
rr Morr.rBaqrrrra 3a us6op na npo6JreMHara o6lacr, patnura B Ar.rceprau[rra.

Bropara ny6ruxauur (Antonova, Minkovska, Nakov, 2023, XXXII Mex<.qyHapo.qHa

HaJ ruo-Texrr[qecra rou$epenqur ,,Anrorraarnsaqlrx Ha Ar,Icxperaoro npo]r3BoAcrBo") aHaJr*t3 pa
BJIIT HHeTO Ha eMOIIIIOHaIJIHOTO I{ MeHTaJIHOTO CLCTOSHEe B6pXy aKaAeMUqHaTa yC[eBaeMOCT,

Koero e peneBaHTno K6M MoAenlrpaHvro Ha o6ytaenrur u $arropzTe, noArroMaraqu
nepcoHaJrr{3arlfirTa B aAanTEBHL cl.rcTeMlt.

Tpvrara ny6luraqu-r (Minkovska, Antonova, 2024, XXXIII Mex.q;napogua uayrua
xouSepeuqru ,,Ererlpogna rexElrxa") pasmex.ua rpagullara Mexay tloseuxo tl I{}I-regepl.rpago
cGAlpxaEfie u e rlpsKo cBsp3aHa c r.BnoJBBaHeTo u oueHKaTa Ha reHepaTIrBH]r e3HKoBr.r Moae.nu

nprr cbsaaBaHe Ha yre6Ho cr4rpxanue.
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fly6rura4.rrare oqepraBar rrocJreAoBarenna u3cneAoBareJrc(a !fiilrtfl t4 noaKpenrr
KJrroqoBr{ TeMr{ oT aHcepTaIIHJITa - xoHue[ryaJrHaTa paMKa 3a IlpHnaraHe Ha LI3I(ycTBeH I,(HTeJIoKT

u o6paaonaHuero, Qarcropure npfi Moaenupane Ha o6yuaeurr r.r B6[pocr.rre 3a

eaau4uoc, /rpanuqu na I{Z-renepupauoro cBABpxaur,re. Orqer:rugo e Boaexroro y{acrue Ha

aorropaurKara (cauocrorremra nlfnuxauur r ny6luxauxr c n6pBo arropcrao), rcoero

cBHAereJIcrBa 3a crurecrBeu JIIrqeE nplrHoc a pa:pa6oreanero Ha reMarn(ara.

8. [rnorssane Ha peynrar[Te or anceprarl[ou[]r, Tpya B Hayqrrara f, cou]raJluara
npaKTlKa

Pesyrrarure oT gucepraq oHHr4, Tpya r.rMar peaureH [oreurlrral 3a Bue4prnane r yre6nur
lpoqec n ca nprxo nplrJroxrrMr.r B K)pcoBe no BtBexaarqo nporpaMupaue (u cxoAsn AncqIrnJILrELI
c Blrcotta crefleH Ha 3arpyrHer{nf, flpn cryaenTr,rre). Pa:pa6otenurr rlpororun npeAcraBn Ba

pa6oreula ye6-6a3upaaa cr{crgMa, Koqro Moxe .qa rroanoMorHe rrpenoaaBareJrlrre qpe3 ycKopeHo

l,t (orrrpoJrrrpyeMo reuepupaue Ha recroBe (nxa. c nouoqra ua fEM), aBroMarn3]rpaHo
[pocJreArBaHe Ha 3lrarr.rrTa L TrlrqHrrTe rpeuKlt Il npeaocTaBrue Ha a*alturrlqn:a ra6Ia ga

na6.nrogeHre Ha Ha[pe,EGKa. B rayreu acnexr, ge$uuupaHure MoaeJrr{, aatrtt u aHiIJII{TrrqHu

cKpl.lrlToBe cr3Aasar 6a3a sa stsnpolr3BoAllMll nocJIeABaIuu r,r3cJIeABaHr{, u cpaBrltrenHL oueHKL,

Ha anroprlrMlr Ir reHeparnBHu MoAenH. flpearoxeHure HacoKIi 3a erlrtlHo r npo3paqHo

r.r3rroJr3BaHe Ha u3xycrBeHn, trHTereKT aonpuuactr u 3a coqfiaurHara npaxTxKa, rrfi xaro
aApecupaT KJrroqoBr,r Brnpocu KaTo 3anlrTa Ha aaHHIfe, aoBeplle LI KoHTpon Ha KaqecTBoTo Ha

reHeprrpaHoTo cT,a6pxaHue.

9. OqeHxa Ha ctorBercrBrrero na arropeQepara c rr3rrcKBaHrlflTa 3a rtrorBsHero My,
Kar(ro Il I|a aaeKBaTHocTTa Ha oTpa3f,BaHe Ha ocHoBH[Te flofloxelltls lI flptIllocllre Ha

arIcepTauIlsTa

AeropeQeparsr e H3rorBeH B cborBercrBxe c o6uonpt4Efllre h3nc(BaH[, 3a ro3lr run
Hayreu AoxWeH'r. B nero ca npe.qcraaeuu B cHHTe3HpaH BI{A aKTyanHocrra rra rgMara, rlenra r.r

3aaarrHTe Ha r{3cJreaBaHero, H3noJr3BaHr{Te MeToar.r, c'rpyKTypaTa Ha a}rcepTarlHoriHr.r, 'rpyA,

ocuoBHlrre Ha) IHu Pe3ynTaTr u SopuynupaHure nprluoclr. OrpaseHl ca n ny6luxaquu,e,
cBr,p3anrl c Auceprarl[orrxuc rpya. B ro:s ronrexcr aarope@eparrr aAeroarHo rlpeAcraB,
ocHoBHr.rre flonoxer{H, Ha Ar.rceprar.Ixrra rr aaBa ,cHa npeacTaBa 3a Ha) IHaTa x npIrJIoxHaTa
croft Hocr Ha noryreuure pe3yJrraru.

10. Mnenxr, npenoptxn rl 6eJrexKr

Kr,u npegc:raneHn rpya Morar Aa 6rgar $oprraynxpaHu cneAHETe :a6erexxN r
flpenop6Kx:

l. Ha Mecra HsroxeHxero e cr{JrHo Asrafirrro H onncarelrHo, Koero e Hanumo pas6upaeuo
c o reA urrporara rra piBrnexaauara npoo.neuarura. B 6raerqr parpa6orrr.r 6u rr,rorro Aa ce
o6Mucru AorrtJrnr{TeJrfio peAyqupaHe Ha orAeJrHr.r noBTopeufif, t.t no-xcuo $orycrpane rtpxy
(nrcqoBl4Te pe3ynTaTH, c qen oue no-roJUrMa HaJAHa cTerHaTocT.

2. @opuarusupaurr;rr MoAe, e ,ceH, rrocJreAoBareJreH r-r SyHxuxouaano o6ocHoeaH. Karo
Bb3MoxI{a Hacoxa 3a 6raerqo naArpax,qaHe Moxe Aa ce nocoqn rr3nor3BaHero Ha no-crpon4
BepoqrHocrHr r.rJru croxacrr+rHu tfopva.'ruaaquu (uanp. MaproucKu npoqecx rrnu BeporrHocrHx
rparfoer Moaena), xoero 6u pa:ruupr{Jro aHaJrr,rrr-rqHuTe Ba3MoxHocru Ha npea:roxeHxrr rroaxoa.

3. Eu 6sno noJre3Ho flpeanoxeHr4.f,r floaxoa aa 6rAe sgunras u a apyrn yre6nu
.{ucq[rrJrr,rur, (uanp. uareuarura, erexTporexHura), sa 1a ce oueHr.r HeroBara npr,rJroxr.rMocr H B

apyrr OyHraMesra:rrn o6nacru, B Korrro rpaanrlr.roHr{o ce na6rroaagat 3arpyaHeHn, flpfi
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ycBo.[BaHeTo Ha 6a3oBE Ko]rqeflq]rH. B ra3r-t Bp63Ka Moxe aa ce ]"TorrH[ r{ Kou xapaKTepr.rcTr.rKr{ Ha

aucrlunnr.rHara (a6crparruocr, crMBoJreH a[apar, Tuuoue :aga.*r) ca rpuruuun sa e$erTrrBHocrra
Ha noaxoAa.

5. AHarltsrt Moxe Aa ce pa3luupu c MoAenIt, cBrp3aHH c A:bnrocpoqxoro 3aAbpxaue Ita
3EaHuA - Harrp. KprrBH na sana3gaue/sa6panane, BKJIIoqI4TeJTHo npocJleArBaHe qpe3 ornoxeHrr
recrone (cleg 24 ce4v,wr lcre4 cenaecrsp). floao6no pa3rxrrpeuae 6u aaao no-nrnua Kaprrrua
gam no4o6peruero e ycrofi.ruoo, a He calro kparxocpoqEo.

6. B 6raerqa pa6ora 611 6uro uoresuo Aa ce Brorroqu cpaBHeHHe Mexgy pa3nnr{Hu

reHepar[BHu rrroaenu (GPT, Gemini, LLaMA u 4p.), npu ctnocraBxMrl ycJroBr.rr. Tona 6u
o6orarulo e(cnepLIMeHTaJIHara qacr lt 6u nogsoruro r.I3BoAlI orHocHo cra6zluocr, Toquocr,
cKJIoHHocr KrM,,xa.nrcuugaqrul", r(axTo r.r crorHorueuze e$ero-pecypc.

I l. 3ar,rroqeurre

Cnea gano:nasaHe c npeacraBeHrlre AoKJMeHTx u ar.rcepraqr.roHHlrt rpy( Ha Mar. HHx.

Elesa Besuecaasoga AEroHosa Ha reMa ,,Mo4e.:rapane Ha cracreMa 3a aaarrrr,rBuo o6yreuue,
H:no:rgsafi(x cpeacrBa 3a H3KycrBeH uulelert", KaKro u c6c clAbpxaur,rre ce B Hero Ha)AHr.r,

Hayrro-flpnnoxxu r{ rrpunoxu]r flpuuocu, cqlrraM, qe rpyAcr e B aKTyiuIHa nayrua o6racr u

aeMoHcTpupa cnoco6HocT 3a caMocTorITeJIHo IIpoBexAaHe Ha I,I3creABaEIrc fi perxaBaHe Ha

r(oMrrre(cHIl uHxeHepHL 3aAarlu.

flpe4craneuure MarepIraJIL yAoBJIerBop{Bar H3rrcKBaHIrJrra na 3axona 3a pa3Brrrrero Ha

a(a,qeMr4qHHJr cacran r Peny6aura Ermapnx, [IpaBrrJrH[Ka 3a HeroBoro rrprrJraraue rr BbrpgrrrHrrre
HopMarr.rBux rr3ucKBaHr,rrr na Texraqecxn yHUBepclITer - CoQzx sa npuro6uuaue ua
o6pasonarelua, a r.r Ha) rHa creneH .aoKTop".

Bcuqxo toga ME AaBa ocHoBaHr{e aa aaM rronoxr.rreJrHa oqeHKa Ha a}tcepraqnoHHu 'Ipya

r.r aa npeAnoxa Ea yBiD(aeMoTo HayrHo x)?u Aa rrpucbAu o6pa3oBaTerHaTa H HayrHa cTerreH

,,AoRTop" Ha Mar. fiHx. Erena Benqecrasoga Asronoga e o6rac:r Ha Br.rcrusro o6pa3oBaHue 5.

Texsuqecxx Hayru, npoQeclrouaJrno HarrpaB.nesne 5.3. Kolrynuxaquouna u KoMnrortpHa
rexrrlrxa, HayqHa cneq[anHocr CrrcreMu c E3KycrBeH r{HTereKT.

ll:roroul peueu:urra:

/aoq. Htl o:rai XI4HOB/
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REVIEW

ofa dissertation submitted for the acquisition ofthe educational and scientific degree "Doctor"

Author of the dissertation: Elena V. Antonova

Title of the dissertation: "Modeling an Adaptive Leaming System Using Artificial Intelligence
Methods"

Reviewer: Assoc. Prof. DSc. Nikolay Hinov

The review is prepared in accordance with Order ofthe Rector ofthe Technical University
of Sofia No. OX-5.3-68 of 15.12.2025 and the protocol for participation in the meeting of the

Scientifrc Jury under the procedure for awarding the educational and scientific degree "Doctor" in
the professional field 5.3. Communication and Computer Engineering, scientific specialty
"Systems with Artificial Intelligence".

1. Relevance ofthe problem addressed in the dissertation in scientific and applied terms

The dissertation is devoted to the development ofan adaptive learning system integrating
classical pedagogical models, statistical methods, and contemporary generative language models
(GLMs). The topic is highly relevant both in intemational and national contexts. In this regard, the

research aligns with the strategic priorities of the European Union for digital transformation and

innovation in education, including compliance with the Digital Education Action Ptan20211027.
The research focuses on improving student performance in the discipline "lntroduction to

Programming", a general foundational subject included in the curricula of various Bachelor's
degree programs at the Technical University of Sofia. The practical orientation toward the C
programming language ensures high applicability and added value ofthe research. In this respect,

the relevance of the dissertation is unquestionable and convincingly justified by the author.

2. Degree of knowledge ofthe state ofthe problem and creative interpretation ofthe
literature

The doctoral candidate demonstrates in-depth and systematic knowledge of the researched

problem area in adaptive leaming systems and the application ofartificial intelligence in education.
Chapter One presents a comprehensive and up-to-date literature review covering both the core
concepts and components of adaptive learning systems (leamer model, domain model, instructional
and communication models) and contemporary Al-based techniques-ranging from rule-based

approaches and machine leaming to natural language processing methods and large language

models used for test content generation. The cited 110 bibliographic souces testiry to a very high
level of awareness ofthe current state, trends, and challenges in personalized leaming.

Based on this analysis, the objectives, tasks, and research hypothesis ofthe dissertation are

correctly formulated-namely, the development and experimental validation of an adaptive
leaming model that personalizes educational content according to identified error types and

individual leamer performance in introductory programming in the C language. The literature is

creatively interpreted through the integration ofan error profile as an adaptive parameter and the

combination ofpedagogical principles with engineering solutions for automated yet conholled use

of generative models.
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3. Compliance ofthe selected research methodology with the set goals and objectives ofthe
dissertation

The selected research methodology is appropriate and fully consistent with the stated goals

and specific objectives of the dissertation. The research is conducted as a coherent scientific-
engineering cycle, including systematic literature review and conceptual modeling; formalization
of an original adaptive model (leamer, domain, adaptation, and generation models); design and

implementation ofa modular web-based system; integration ofgenerative language models for test

content creation; definition of algorithms for leamer profiling and error-based adaptation; and

empirical validation through controlled experiments with real learners.

To validate the research hypothesis, suitable quantitative and qualitative methods are

applied, including descriptive statistics, psychometric analysis of test items, inferential statistical

tests (including analysis of variance and chisquare tests), and survey instruments for assessing

student perceptions and satisfaction. The combination of formal modeling, real software

implementation, and statistically grounded empirical validation ensures the reliability ofthe results

and supports the conclusions both logically and experimentally.

4. Brief analytical characterization ofthe nature and reliability ofthe material on which the

contributions of the dissertation are based

The dissertation is 167 pages long and includes an introduction, four chapters to address

the formulated main tasks, a list ofcontributions, a list ofpublications on the dissertation and a list
of used literature. A total of I 10 literary sources are cited, of which 107 are in Latin. The manuscript

is well structured and covers the main elements of modern adaptive leaming systems - theoretical

models, technological implementation and empirical verification. Below is a brief description of
the individual chapters.

Chapter I provides a broad, systematic, and well-selected literature review. The author

demonstrates excellent familiarity with intelligent tutoring systems, Bayesian and regression

models, knowledge tracing (BKT, PFA), generative language models and open educational

environments, as welI as pedagogical, psychotogical, and ethical aspects. Particularly strong is the

discussion of adaptivity types, learner models, domain models, and error-based leaming. In this

respect, a moderate reduction of some descriptive sections in the final version could further

emphasize the scientific contribution.
Chapter 2 presents the theoretical foundation of the dissertation and contains a clearly

articulated original contribution. A formal model based on four core structures-L (Leamer), D

(Domain), A (Adaptation), and C (Generation)-is developed. Algorithms for tracking and

updating leamer knowledge are proposed, with the introduction of an error profile as an

independent adaptive parameter as a key element. Additional dependencies are defined between

leaming topics, difficulty level, error frequency and type, and the mechanism for selecting

subsequent tasks. The model is constructed in a consistent and systematic manner and provides a

solid foundation for adaptive leaming systems with high analy'tical value.

Chapter 3 presents the implementation of the proposed concept and demonstrates a fully
developed system. A modular web-based architecture is created, supported by a clear database

schema and integration with generative language model APIS. Automated scripts for test generation

and dashboards for monitoring leamer progress are implemented. The user interface offers full
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functionality for both students and instructors. As a result, the system is not merely a simulation
but a futty operational application, significantly enhancing the scientific and applied value ofthe
dissertation.

Chapter 4 is one of the strongest parts of the dissertation, clearly demonstrating the real

effectiveness of the proposed models and algorithms. Experiments were conducted with students

from several academic programs, organized into three separate series involving manually created,

paraphrased, and AI-generated tests. The data were analyzed using ANOVA, chi-square tests, and

item difficulty and discrimination indices. The results convincingly demonstrate the effectiveness

ofthe proposed approach, as AI-generated questions exhibit difficulty and reliability comparable

to manually created ones, while the error-based adaptive logic leads to statistically significant
improvements in student performance.

Chapter 5 focuses on the evaluation and refinement of the proposed adaptive model. The

author defines performance metrics, analyzes system robustness, and compares the system with
existing platforms. In addition, an optimization strategy aimed at improving efficiency and

reliability is proposed. This chapter demonstrates scientific maturity and a systematic analytical
approach to improving the developed system.

5. Scientific and/or applied scientific contributions of the dissertation

The dissertation combines theoretical modeling, algorithmic solutions, and practical
implementation of an adaptive leaming system, allowing the identification of the following
contributions:

I. Scientific contributions

1. An original formal adaptive learning mode[ is developed, in which the type of leamer enors
is introduced as a key adaptive parameter; the adaptation cycle (profiling, content selection,

feedback, and analysis) is formalized, and mechanisms for dynamic updating of leamer knowledge
and error profiles are proposed.

2. A formal typology and operationalization of errors in programming education (theoretical,

syntactic, and logicaVoutput enors) are proposed, and it is experimentally demonstrated that

different enor types exhibit distinct dynamics and educational impact, justifoing their use as a basis

for personalized adaptation.
ll. Applied scientific contributions

3. A methodology and algorithmic implementation for automated generation and adaptive

selection oftest tasks are developed, including the use ofgenerative language models, introducing
quality criteria, semantic filtering mechanisms, and statistical evaluation of the reliability and

effectiveness of generated content through controlled student experiments.
III. Applied contributions

4. A functional web-based adaptive system is implemented, featuring a modular
architecture, database, leamer and instructor interfaces, and tools for visual analyics and progress

monitoring, demonstrating the practical applicability of the proposed model in a real educational

environment.

5. Practical guidelines and applicable tools are formulated for accelerated creation,

validation, and analysis oftest materials, as welI as for early diagnosis oferror types and leaming
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difftculties, supporting optimization of teaching practices and responsible integration of artificial
intelligence in education.

Overall, the contributions of the dissertation are significant both for the development of
adaptive leaming systems and intelligent educational technologies and for practice, through an

implemented prototype and methodological solutions suitable for deployment and further
enhancement in real learning environments.

6. Assessment of the degree of personal contribution of the doctoral candidate

Based on the content of the dissertation and the presented results, it is evident that the

personal contribution ofthe doctoral candidate is substantial and decisive. She is the author ofthe
conceptual and formal model, the error-based adaptation and profiling algorithms, and the software
implementation ofthe prototype (architecture, database, integration ofgenerative language models,
and user interfaces). The doctoral candidate organized and conducted the empirical studies with
students, processed the data, and derived statistically grounded conclusions.

The related publications, including co-authored works, confirm her active research

engagement and ability to work in a scientific team, while her contribution remains substantial and

directly related to the dissertation topic.

7, Assessment of publications related to the dissertation

The doctoral candidate has presented three publications (20221024) directly related to the
topic ofthe dissertation and representing logical validation of individual aspects ofthe research.

The first publication (Antonova, 2022, Frst ELARA Conference) examines the role of
artificial intelligence in contemporary education, with an emphasis on applicability and inclusivity
in Al-supported learning. This work provides the contextual and motivational foundation for the

research area developed in the dissertation.
The second publication (Antonova, Minkovska, Nakov,2023,32nd Intemational Scientific

and Technical Conference "Automation of Discrete Production") anallzes the influence of
emotional and mental states on academic performance, which is relevant to leamer modeling and

personalization factors in adaptive systems.

The third publication (Minkovska, Antonova, 2024, 33rd, International Scientific
Conference "Electronics") explores the boundary between human- and Al-generated content and
is directly related to the use and evaluation of generative language models for educational content
creation.

The publications outline a consistent research trajectory and support key themes of the
dissertation-the conceptual framework for applying artificial intelligence in education, leamer
modeling factors, and issues of validity and limitations of Al-generated content. The doctoral
candidate's leading role is clearly evident (one single-authored publication and first authorship in
co-authored work), demonstrating a substantial personal contribution.

8. Use of the results ofthe dissertation in scientific and social practice

The results of the dissertation have real potential for implementation in the educational
process and are directly applicable in introductory programming courses and similar disciplines
characterized by high student difficulty rates. The developed prototype represents a functioning
web-based system that can support instructors through accelerated and controlled test generation
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(including with GLMs), automated knowledge and enor tracking, and analltical dashboards for
monitoring leamer progtess.

From a scientific perspective, the defined models, datasets, and anal)'tical scripts provide a

basis for reproducible follow-up studies and comparative evaluation of algorithms and generative

models. The proposed guidelines for ethical and transparent use of artificial intelligence also

contribute to social practice by addressing key issues such as data protection, trust, and quality
control of generated content.

9. Assessment of compliance of the abstract with preparation requirements and adequacy
of reflecting the main contributions of the dissertation

The abstract is prepared in accordance with the generally accepted requirements for this
tlpe of scientific document. It presents in a synthesized form the relevance of the topic, research

objectives and tasks, applied methods, structure of the dissertation, main scientific results, and

formulated contributions. The publications related to the dissertation are also reflected. In this
respect, the abstract adequately represents the main points ofthe dissertation and provides a clear

overview ofthe scientific and applied value ofthe obtained results.

10. Opinions, recommendations, and remarks

The following remarks and recommendations are formulated with the aim of further
refinement and development of the dissertation:

I . [n some places, the exposition is highly detailed and descriptive, which is understandable

given the breadth ofthe topic. ln future work, further reduction ofrepetitions and clearer focus on

key results could enhance scientific conciseness.

2. The formalized model is clear, consistent, and functionally well justified. As a possible

direction for future extension, the use of more rigorous probabilistic or stochastic formalisms (e.g.,

Markov processes or probabilistic graphical models) could be considered to expand analyical
capabilities,

3. Validation of the proposed approach in other academic disciplines (e.g., mathematics,

electrical engineering) would be beneficial to assess applicability in other foundational areas where

students traditionally face learning diffi culties.
4. The analysis could be extended with models addressing long-term knowledge retention,

such as retentior/forgetting curves and delayed post-tests.

5. Future research could include comparative evaluation of different generative language

models (e.g., GPT, Gemini, LLaMA) under comparable conditions, enriching the experimental
component.

These remarks do not diminish the merits of the dissertation but rather indicate
opportunities for its further development.

11, Conclusion

After reviewing the submitted documents and the dissertation entitled "Modeling an

Adaptive Leaming System Using Artificial Intelligence Methods" by MSc. Eng. Elena

Ventseslavova Antonova, as well as the scientific, applied scientific, and applied contributions
contained therein, I conclude that the work addresses a current scientific field and demonstrates the

ability for independent research and solution of complex engineering problems.
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The submitted materials meet the requirements of the Act on the Development of the

Academic Staff in the Republic of Bulgaria, its implementing regulations, and the internal
regulations ofthe Technical University ofSofia for awarding the educational and scientific degree

"Doctor".
On this basis, I give a positive assessment ofthe dissertation and propose that the esteemed

Scientific Jury award the educational and scientific degree "Doctor" to MSc. Eng. Elena

Ventseslavova Antonova in the field ofhigher education 5. Technical Sciences, professional field
5.3. Communication and Computer Engineering, scientific specialty "Systems with Artificial
Intelligence".

Prepared by:

Assoc. Prof. DSc. Nikolay Hinov
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